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Abstract 
The off coast of the Gulf of Thailand around Koh Tao and Koh Pha-Ngan has abundant wind resources, which can 
help for developing offshore wind farms with the maximum capacity of 720 MWs. In this paper, grid integration 
analysis of the offshore wind farms on the 115-kV transmission of Provincial Electricity Authority (PEA) was 
performed. The power system analysis of power flow and voltage stability were simulated with the full-power 
conversion wind turbine generators by using the DIgSILENT PowerFactory program. The possible connected points 
were listed by the physical criteria, such as the amount of load, and a distance to an offshore wind farm. Finally, the 
suitable connected points were considered based on the performances of the system before and after offshore wind 
farm connections. The study results may be used as a reference to develop an offshore wind farm in the Gulf of 
Thailand in the future. 
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1. Introduction 
Currently, electricity power consumption is increasing due to the growths of industries and 
households while generation system mostly depends on fossil fuels, such as oil, natural gas, and coal. 
According to a shortage of these fossil fuels, the fuel prices significantly rise. At the same time, the 
effects of the fossil fuels on the environment are seriously concerning because of the global warming. The 
interest on the renewable energy is highly increasing worldwide. In Thailand, the Alternative Energy 
Development Plan: AEDP 2012-2021 [2] focuses on electricity generation from renewable energies, such 
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as wind, solar, water, biomass, biogas, and garbage. Especially, the wind energy was targeted to be 
contributing about 1200 MWs in 2021 [2]. According to the terrain of Thailand, the offshore wind energy 
was considered as an energy source with a high potential energy because the installation area was 
unlimited.  
From the results of Assessment of Offshore Wind Energy Potential Pre-Feasibility of Offshore Wind 
Farm [1], the target area for the offshore wind farm generation was in the Gulf of Thailand around Koh 
Tao and Koh Pha-Ngan. The average wind speed was about 6.0 to 7.5 m/s, and it could install about 720 
MWs of the maximum capacity as shown in Fig. 1. The efficiency for the production of electrical energy 
(capacity factor: CF) was approximately 14.13% to 17.60%. However, the feasibility study has not yet 
considered an appropriate choice of interconnection points for the offshore wind farms to the grid. The 
grid connection topology of offshore wind farms can significantly impact the security, stability and 
quality of the grid [3], especially the power flow and the voltage stability [4-6]. The power flow analysis 
can check power direction, percentage of load in the transmission lines and grid loss, whereas the voltage 
stability analysis can estimate critical voltage and collapse margin or total load. 
 
 
Fig. 1. Suitable area that can offer the offshore wind farms in the Gulf of Thailand [1]. 
 
This paper presents a power system analysis of the offshore wind farm grid connection around Koh 
Tao and Koh Pha-Ngan on the distribution system of the PEA. The four factors including the wind 
turbine technology and the connection topology to the grid, the technical analysis, the grid connection 
requirements, and the simulation tool were considered. The 720 MW offshore wind farms were modeled 
with a selection of the full-power conversion wind turbine generators of Vestas V112 model. The power 
system analysis focusing on the system power flow and voltage stability to 115-kV grid connection were 
performed in order to select the suitable connected points for the offshore wind farms. The system 
description and the offshore wind farm topology are described in Section 2. The system impact analysis 
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due to the power flow and the voltage stability are analyzed and discussed in Section 3. Finally, the 
conclusions are summarized in Section 4. 
2. System Descriptions 
According to the PEA connection requirements for the renewable energy generation, the generation 
above 10 MWs should be connected to the 115-kV transmission system. By consideration amount of load 
and a distance of offshore wind farms to the connected points, three possible connected points of KMA, 
KMB, and KCD were chosen as presented in Table 1. Additionally, 18 possible connection topologies 
were categorized in Table 2. The single line diagram of connected points was illustrated in Fig. 2 and the 
maximum load of each point was demonstrated in Table 3. 
 
Table 1. The possible connected points of each offshore wind farm. 
Possible connected points 
Offshore wind farms 
SPP 1 SPP 2 SPP 3 
KMA 3 3 3 
KMB 3 3 3 
KCD 2 3 3 
 
Table 2. The connection topologies of the connection offshore wind farms to the grid. 
Case studies 
Connection topologies 
SPP 1 SPP 2 SPP 3 
1 KMA KMA KMA 
2 KMA KMA KMB 
3 KMA KMA KCD 
4 KMA KMB KMA 
5 KMA KMB KMB 
6 KMA KMB KCD 
7 KMA KCD KMA 
8 KMA KCD KMB 
9 KMA KCD KCD 
10 KMB KMA KMA 
11 KMB KMA KMB 
12 KMB KMA KCD 
13 KMB KMB KMA 
14 KMB KMB KMB 
15 KMB KMB KCD 
16 KMB KCD KMA 
17 KMB KCD KMB 
18 KMB KCD KCD 
 
Table 3. The maximum load of each possible connected points. 
Start and final bus Distance (km) Active power (MW) Reactive power (MVAR) Power factor 
KN3 to KMA 25.00 45.73 15.52 0.95 
KN1 to KMB 52.29 65.26 25.56 0.93 
KN2 to KCD 56.60 49.98 27.14 0.88 
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Fig. 2. The single line diagram of possible connected points. 
3. Simulation Results 
This section presents the system impact analysis of the offshore wind farm interconnections with the 
total capacity of 720 MWs by using the DIgSILENT PowerFactory program. The steady state analysis of 
power flow and voltage stability were investigated in order to check the system operation when the 
offshore wind farms were integrated into the system. The load data of February 2015 provided by PEA 
were used and all case studies proposed in Table 2 would be determined under load conditions of peak 
load and off- peak load. 
3.1. Results of the power flow 
The power flow analysis was carried out in order to check on the direction of power, percentage of 
load in the transmission lines, and grid loss under the offshore wind farm integration. With the proposed 
capacity of 720 MWs offshore wind farms, it has been shown that the power will flow back to Electricity 
Generating Authority of Thailand (EGAT) utility grid in both load conditions. Therefore, it is necessary 
to reconsider the appropriate maximum capacity of the offshore wind farms for an integration with this 
system. By varying the offshore wind farm capacity to meet the requirement conditions, the possible 
maximum installation capacity of the offshore wind farms is about 60% of 720 MWs or 432 MWs. The 
simulation result of the new maximum capacity indicates the only four possible connection topologies as 
presented in Table 4. 
 
Table 4. The connection topologies of the possible connection offshore wind farms to the grid. 
Case studies 
Offshore wind farms connection topologies 
SPP 1 SPP 2 SPP 3 
0 - - - 
6 KMA KMB KCD 
8 KMA KCD KMB 
12 KMB KMA KCD 
16 KMB KCD KMA 
Case study 0 means no any offshore wind farms connected to the grid. 
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Table 5 and 6 show the percentage of load in the transmission lines and the grid loss before and after 
connecting offshore wind farms to the grid under peak load and off-peak load conditions. 
 
Table 5. The percentage of load in the transmission lines. 
Case studies 
Peak load Off-peak load 
KN3 - KMA KN1 - KMB KN2 - KCD KN3 - KMA KN1 - KMB KN2 - KCD 
0 46.490 55.040 33.580 27.720 32.620 19.620 
6 39.900 46.610 23.960 27.260 30.400 15.120 
8 39.900 46.620 24.090 27.260 30.520 15.200 
12 38.570 48.510 23.960 28.230 30.700 15.120 
16 38.610 48.510 24.090 28.370 30.700 15.200 
 
Table 6. The grid loss. 
Case studies 
Peak load Off-peak load 
Loss (MW) 
Compare with  
the case study 0 
Loss (MW) 
Compare with  
the case study 0 
0 3.020 - 1.050 - 
6 3.020 - 1.980 increase 88.571% 
8 3.000 decrease 0.662% 1.960 increase 86.667% 
12 3.090 increase 2.318% 2.040 increase 94.286% 
16 3.070 increase 1.656% 2.010 increase 91.429% 
 
The simulation results indicate none of transmission lines has the percentage of load higher than 80% 
and it decreases when they are compared with the reference case study under peak load and off-peak load 
conditions. Additionally, the grid loss under off-peak load condition increases when the offshore wind 
farms are integrated into the grid. On the other hand, under peak load condition the grid loss slightly 
increases in the case study 12 and 16 but the case study 6 and 8 are not increasing because the length of 
the transmission line that is shorter than in another case. 
3.2. Results of the voltage stability 
In this section, the voltage stability before and after integrating three offshore wind farms to the grid 
was determined from a relative of voltage and power consumption or P-V curve. The simulation results of 
voltage stability show the critical voltage and the collapse margin of each case study under peak load and 
off-peak load conditions as in Table 7. 
 
Table 7. The voltage stability at the possible connected points. 
Case 
studies 
Peak load Off-peak load 
KMA bus KMB bus KCD bus KMA bus KMB bus KCD bus 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
Critical 
voltage 
(p.u.) 
Collapse 
margin 
(MW) 
0 0.966 552.052 0.919 552.052 0.648 552.052 0.965 552.779 0.919 552.779 0.646 552.779 
6 0.950 726.010 0.889 726.010 0.579 726.010 0.950 726.073 0.889 726.073 0.577 726.073 
8 0.951 721.586 0.891 721.586 0.578 721.586 0.951 721.523 0.891 721.523 0.579 721.523 
12 0.951 726.010 0.886 726.010 0.579 726.010 0.951 726.073 0.886 726.073 0.577 726.073 
16 0.952 721.586 0.888 721.586 0.578 721.586 0.952 721.523 0.888 721.523 0.579 721.523 
 
The results of voltage stability increase when the offshore wind farms are integrated into the grid 
under peak load and off-peak load conditions because the collapse margin or total load increases. At the 
same time, the critical voltage still stay at the same voltage level in comparison with the case study 0 
which is the base case without the offshore wind farm. 
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4. Conclusions 
The technical studies for grid integration of the 720 MW offshore wind farms around area of Koh Tao 
and Koh Pha-Ngan were carried out. The possible connection points for three offshore wind farms under 
115-kV of PEA grid were considered. The simulation results on the power flow analysis show that the 
suitable maximum capacity of the offshore wind farms for integrating to this system based on the required 
conditions is about 432 MWs or 60% of the proposed capacity. With the reduction capacity, the four case 
studies of connected points were selected. For all case studies, none of transmission lines has percentage 
of load higher than 80%. Moreover, the grid loss of the system decreases, except in the case study 12 and 
16, the grid loss increases. Additionally, the region of voltage stability increases both peak load and off-
peak load after integrating offshore wind farms to the grid. Therefore, by studying the power flow and the 
voltage stability, the suitable interconnection points for the three offshore wind farms are the case study 6 
and 8 because they have percentage of load in the transmission lines under PEA grid connection 
requirements, do not increase grid loss, and increase the voltage stability, but the distance of the 
transmission line in the case study 6 is longer than that the case study 8. Our results may be used as a 
reference to develop an offshore wind farm in the Gulf of Thailand in the future. 
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